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W and Z Boson Physics

Challenge: do precision measurements in an hadronic environment
(and in C++!1)

 Standard candles: single W and Z boson cross section
measurements (muon or electron decays)

* W and Z into 1 (t 1dentification)

e Forward-backward asymmetry (in dielectron events)
* W charge asymmetry
W width and W mass

Diboson production (in Gilles’ following talk)

F. Deliot, Moriond EW'05



W and Z into Electron or Muon Inclusive
Cross Sections Measurements

proton proton

=]
-

antiproton ‘ Why‘? antiproton
Clean, abundant and well known signals
Test of the Standard Model (R, lepton universality)
Require a high level of understanding of the detectors
Can be used to cross check the luminosity measurements

Limitations: uncertainties on

* luminosity ~ 6 %

 Parton distribution functions (PDF) ~ 1.5 %
* Others (lepton 1dentification, Z statistics, ...)
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Main background:
QCD: dyjet (evaluated on data) ~1-2%
W/Z — 1, Z — UL (for W) ~ 1-6%
Main systematic uncertainty:
PDF ~ 1.5%
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W, Z Cross Sections into Muon and Electron

255.8 £ 3.9 (stat) £ 5.5 (sys) £ 15 (lumi) pb

264.9 + 3.9 (stat) = 9.9 (sys) + 17.2 (lumi) pb

£t (72 pb')) (177 pb™)
Z>up 248 £ 5.9 (stat) £ 7.6 (sys) = 15 (lumi) pb | 291.3 + 3.0 (stat) £ 6.9 (sys) = 18.9 (Ilumi) pb
(72 pbh) (148 pb!)
27780 + 14 (stat) £ 60 (sys) £ 166 (lumi1) pb
(central, 72 pb1) 2865 + 8.3 (stat) = 76 (sys) = 186 (lumi) pb
W —ev

2874 + 34 (stat) £ 167 (sys) £ 172 (lumi) pb
(plug, 64 pb™")

(177 pb!)

W —puv

2768 £ 16 (stat) £ 64 (sys) £ 166 (lumi) pb
(72 pb™)

2989 £ 15 (stat) £ 81 (sys) £ 194 (lumi) pb
(96 pb™')
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Ratio and Indirect W Width Measurement

SM calculation

(PDG)
o _ o(Pp > W) x Br(W — v) _ I @
(PP — Z) x Br(Z — ¢¢) @ ot

NLO calculations PDG
(van Neerven) (LEP)
<— Standard Model
o Prel. World Avg (2004) 2.124 + 0.041 CDF (72 pb'l)l
from R) R(e+un) =10.92 £ 0.15 (stat) = 0.14 (sys)
a8 CDF Runll (e+u) Prel. 2.079+ 0.041
((f )R) D@ (177 pb!) :
. R combined 2135+ 0.05% R(e) =10.82 = 0.16 (stat) = 0.28 (sys)
—e— CDF Runla (e) 2.064 + 0.084
— UA2 (e) 2100+ 0.170 CDF FW — 2079 + 0041 GGV
- » 1UA1 (e+y) 2.180 + 0.260

Word average: I'y, = 2.124 £ 0.041 GeV

R T T SM value: I'y, =2.092 = 0.003 GeV

' (W) Indirect Measurements (GeV)




Physics with 1

1T often enters non SM final states, t identification is challenging
W/Z— cross-section: test the SM and ability to reconstruct t

[ ]
=

3 P21 D@: Z—>tt with one t decaying into muon
S 1sof + * ?iffﬁc back to back with: v
f H H++|'+ : LA n*
ERLL S ¥ T 1 track + P~ < / 7_29 T >1 track +
- ! _ + + Ti z calo cluster Ti \\/ ’J'Ci 1 track + Ti < ni wide calo
sof ++ v, N calo cluster + Sy sty
+ "++ V. EM sub-cluster K
) b Mo SR
gl 7 types 1dentified with NNs
E: [GeV]
Main background: QCD ~ 49%, W—uv + Z—uu ~ 6 %
Main systematic uncertainties: trigger = 3.5 %, QCD bkg = 3.5%
. CDF Rup IT Preliminary, [L=72 B
G(Z_)TT ) =237+ 15 (Stat) + 18 (SYS) + 15 (luml) pb (226 pb_l) 1400 W > rumber of racks, associaled wi the E—
1200; i o

CDF: W—1v (t—had)

Main background: QCD: dijet ~ 15%, W —ev ~ 4%
Main systematic uncertainty: T ID ~ 5.5%

S(W—1v) = 2620 + 70 (stat) + 21 (sys) + 160 (lumi) pb (72 pb-1)
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=W s py
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Cross Section Summary

CDF and DO Runll Preliminary

3501
300F  ppo>ZHX 114X . }
=
2 o500 %/
[ - i1
i |
% -
N -
o [
= mDO(e) o DO(n)
- ’ Runll i por) o coF()
150 OCDF(e) ~ CDF(x)
| Runl mEDO0(e) o DO(u)
: OCDF(e) © CDF(p)
100||||||||||||||||||||||||||||||||||
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Center of Mass Energy (TeV)

SM curve: C.R. Hamberg, W.L van Neerven and T. Matsuura, Nucl. Phys.B359, 343 (1991)
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Lepton Universality
e-u universality:

tested by CDF with the ratio of the W cross-sections:
g,/g.=0.998 £ 0.004 (stat) £ 0.011 (sys)
o(W) x Br(W—Lv) = 2775 £ 10 (stat) £ 53 (sys) £ 167 (lumi) pb
6(Z) x Br(Z—{) =254.9 £ 3.3 (stat) = 4.6 (sys) = 15.2 (lumi) pb

e-T universality: Standard Model

tested by CDF with the ratio of the UA1 | * |10 042
W cross-sections: UA2 e 102+ 006
CDF Runl b *— 1 0.97 + 0.07
g /g.=0.99 £ 0.02 (stat) + 0.04 (sys) a ;
DO Runl '_._:" 0.980 + 0.031
Prel. LEP Avg (2004) | +e- 1.034 + 0.015
PDG Had. Avg (2004) ";." 1.001+ 0.015
CDF Runll Prel. '_.;_' 0.99+ 0.04

l
0.75 0.8 0.85 09 095 1 1.05 1.1 115 1.2 1.25

w W
F. Deliot, Moriond EW'05 g. /9.



Forward Backward Asymmetry in Z/y*—ee

The vector and axial-vector nature of the fermion couplings to Z leads
to an asymmetry in the lepton production angle.

Cc
do(qq' — I1)/d cos@ = a(B( + cos’ ) + A cosd) v0[\ _

—_— 0 —

AL = do(cos@ > 0)/d cos @ — do(cos 8 < 0)/d cos & \
°  do(cos 8 > 0)/d cos & + do(cos @ < 0)/d cos @ o

e
Ag probes the relative strengths of coupling between Z and quarks.

New interaction models (Z°, extradimension) predict deviations from SM
at high M_...

NE"_ 103 - I ata I : I =

CDF measured Agp: > O zoeeve |

. o 102 1 Dijet backaround -

5200 Z/y*—ee, 2 isolated e E:>20GeV ¢ Bz e g |3

! 10 -

Main background: g Fnoranns ©

QCD (dyjet) ~ 1 % (5% forward) 1 2

Unfolding method for acceptance and ™ E
bin migration effects 40 60 100 200 300 600

M., (GeVic?)



AFB
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CDF Ay Results

‘F1t w/o SM assumptlons z
= Ziv — e'e MG 1
C band Includes 7
% several theoretical
:_ calculations _:
E Q Statistical ]
T i S Total =
0 60 100 20(2] 300 600
- (GeV/c)
[ T T T T T I T T T T _]
- A pcorrected assuming SM ]
— and using Z-quark couplings fits —
= Ziv —e'e MC ]
C band Includes ]
- savaral theoretlcal
:_ calculatlons S
- Statistical .
EA Total e
0 60 100 200 300 600

M_ (GeVicY)

Agpp (Uy,Uy,dy,dy):
quark coupling extractions to Z

= 1 =1 L
k-

o8~ CDF o8 CDF

0.5?} 06_

0.ab 0.4

0_2__ 0.2:_

o~ o
.n_gf— -0.2}
_0_4; -0.4}
.0_5: —D.BE
0.8 90%CL 0.8 90%CL

PB/ PL B o8 e il Siandard Model F 68/ CL : fios 1] v Siandand Mudel
1 1 L 1
11 -UB -0.6 -04 -02 0 02 04 06 UBd1 11 -08 06 -04 -02 0 02 04 06 08 1

sin20°f, = 0.2238 + 0.0040 (stat) + 0.0030 (sys)
y2dof=12.5/14

Statistically limited
Consistent with SM

11



W Charge Asymmetry

Many measurements at a hadron collider are limited by PDF uncertainties.
Forward-backward W charge asymmetry gives important input on u and d PDF.

u quarks carry higher fraction of the proton momentum:
ud — W* boosted in the proton direction

_ M W +(=)Yw Nx“ N -
i = T ¥
do(W ") /dy,, —do(W 7)/d
A(yw) _ (W )/ yW (W )/ yW

~ do(W *)/dy,, +do(W )/dy,

Measure y, instead of yy, (assume SM W—ev coupling)

CDF measured A(yy):
77930 W—ev, E-(e)>25GeV, E>25GeV

Main background:
QCD (dyjet) < 2 % (<15% forward)

Main systematic uncertainty: charge misidentification

F. Deliot, Moriond EW'05 12



Corrected Asymmetry

CDF A(yy) Results

Corrected for charge misidentification rate,

background-

subtracted
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W Mass and Direct Width Measurements

W mass and couplings test the nature of the electroweak symmetry breaking.

80,6 T————————————
. 1 —LEP1, SLD Data
2 7Z'0!(M Z) 1 1 | = LEP2, pp Data
My = \/7 (1-m2 /1 M2)) |
2G, w/Mz) (1 — Ar) 8051 8% CL
S
Ar ~ Mt?, Ar ~ In(My) @
O 8041
=
E -
mass
80.3 1
~ 10* / 1
S / T, = 16GeV |my [Ge —
Z «Iy =2.1GeV 80,0 144000CN00BF  Prelminary
g sT, = 2.6 GeV 130 150 170 190 210

__width

40 60 80 100 120 140 160 180 200
m (GeV)
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m, [GeV]

Require the best knowledge of the detectors
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Run I Combined W Mass and Width Results

Published: Phys. Rev. D70: 092008, 2004

Correlated uncertainties on W mass Uncorrelated uncertainties
CDF DO statistics
PDE . 15 8 lepton scale and resolution
Radlfflthe corr 11 12 p-(W) and recoil
W width 10 10 -
Total 19 MeV
Standard Model Indirect Prediction Standard Model —
T Prediction
UA2 (1992) M, = 80.36 + 0.37
DO Ty = 2.23140.173
DO M,, = 80.483 + 0.084 .
CDF M,,, = 80.433 + 0.079 i ——a— e el0=RiE0
Hadron Collider Avg Hadron Collider Avg g
preliminary LEP2 Avg M,, = 80.412 £ 0.042 preliminary LEP2 Avg _| o T, =2.150+0.091
preliminary World Avg M,, = 80.426 + 0.034 preliminary World Avg _| o = I’y =2.135+0.069
co b 1 el e Ly Fooe e Prop e d e e Fome e e o e g0 f
an an.z2s a0.5 80.78 15 18 2 29 2.4 26
M, (GeV)

T, (GeV)



DO Run II W Width Direct Measurement

Method: fit the transverse mass distribution in the region 100 < M (W) <200 GeV

Selection: W — ev, 177 pb! , ,
625 candidates with 100 < M..(W) <200 Gey ~ Simulation:
EM calorimeter response:
E=0aE +  (aa=1.0054 £ 0.001)
EM calorimeter resolution:

o/E =VC2 + S¥E (C =4.20 + 0.23 %)

Main systematic uncertainties:

Hadronic response and resolution ~ 64 MeV
Underlying event ~ 47 MeV

EM resolution ~ 30 MeV

['y=2.011 £ 0.093 (stat) + 0.099 (sys)

> 10°E=
S = = Data ———— DO Runll (e) Prel 2.011+ 0.142
= = — MC+Backaround (e) : I
i L [1Background
5 e
u=j =
= ——e——— DORunl 2.231+0.173
; 02‘ ——— CDF Runl (e+1) 2.050 + 0.128
E —— Had. Col. Avg 2.115+ 0.105
10F
—— Prel. LEP Avg (2004) 2.150 + 0.091
e Prel. World Avg (2004) 2.124 + 0.041
1
TR I S [ |III|III|III|III|III|III|III|
200
M, (GeV) 1.8 2 2.2 24 2.6 2.8 3 3.2

F. Deliot, Moriond EW'05 I" (W) Direct Measurements (GeV) 16



CDF Run II W Mass Analysis

W — e/uv, ~ 200 pb!, first part of analysis complete, uncertainties determined

Electron channel

Muon channel

Energy scale using E/p p scale using J/'¥ and Y
N N [ pscale va <iip = | N V= T
3 PR 0002 — | ran -u.:;:f-::
_g aa00l [ ‘. 8 001 pi 1?.#47“045'&”_15!!31
{ yiidot =13/12 2“ -
- S s .
2000 [ 1 E r
i ;‘l l "HW‘WMW“H%W -0.003 |
gl ' S TR h2 03 oA 05 06 07 08
E/p (W—ev) <1/p(py>

F. Deliot, Moriond EW'05

Systematic uncertainties in MeV

Lepton energy scale and resolution 70

Recoil scale and resolution 50
Statistics 45
Production and decay model 30
Background 20

+ U ) (GeV)

c(p

Total: 76 MeV (Runl: 79 MeV)

Recoil model

Tune using Z —»up

: |4+++i
- N o o
p(Z—pp)

1)

30

50

50

30

20
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Conclusion

» Extensive electroweak program at Tevatron
well underway

v Cross section measurements

v" Proof of physics with t
v’ Asymmetry measurements

v" W mass underway

 All results consistent with SM expectations

* Expect CDF and D@ to provide higher precision measurements in
the incoming years

See results on diboson production
in the next talk
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Z, to electrons

" 0 TeDE Run il s ee Data]  ONe or two high Pt lepton (>15 to 25 GeV)
S 500 7|2|° ;3‘1 BZy—ee MCL  For W: K. (>15-25GeV)

2 Inl<s “ ; : :

5 400 | Efficiencies computed on data

Main background:
QCD: djjet (evaluated on data) ~1-2%
W/Z — 1, Z — #(ftor W) ~ 1-6%
Main systematic uncertainty:
PDF ~ 1.5% : B

00D bky

;_ 177pb'1 DO Run Il Preliminary
- |n|<1.05

300 -
200 -

100

0

Events
B
[4)]
o

M., (GeVic)

CDF: 4242 candidates (72 pb!)
c =255.8 £ 3.9(stat) = 5.5(sys) = 15 (lumi) pb

D@: 4625 candidates (177 pb!)
G =264.9 + 3.9(stat) + 9.9(sys) + 17.2 (lumi) pb

= L]
go 60 70 80 90 100 110 120 130
invariant mass{GeV)

Z —ece candle to measure e efficiencies, calibrate the calorimeters



W to electron

R AN corFrunuPreiminary 7zer” - F_(e) > 25 GeV (central), 20 GeV (forward)
> < 1 .f"" « 37584 W > e v Candidates|
E 2500/ " 7 % D\?Vume " ET>25GCV
2 o A B ~ Main background:
o Zty’ > eeMC I . oo 0
g P  QCD: dijet (evaluated on data) ~2%
I - Worv + Z—ee ~ 2%
1000 | = . . . .
P 3 - Main systematic uncertainties:
- ~ PDF ~1.5%
T e T e, [ . . o
mwm e w ae wwow  electron identification ~ 1.5%
M; (GeVic)
£ [ 1 = o000t |
. . 37000:—177 pb D0 Run Il Preliminary
CDF: 37584 candidates (in central, 72 pb!) In|<1.05

6000/

c = 2780 + 14(stat) + 60(sys) = 166 (lumi) pb (central) :
o = 2874 + 34(stat) £ 167(sys) = 172 (lumi) pb (plug) 5%

4000C-

D@: 116569 candidates (177 pb™!) 3000;—
c = 2865 * 8.3(stat) + 76(sys) + 186 (lumi) pb 2000;—
1000

L e NIRRT INEEN T AT AT AN A A i
30 5 60 70 80 90 100 110 120
F. Deliot, Moriond EW'05 Transverse mass(GeV)




600,‘""""""""""'"',
CDF Runll

o
% [ —DATA +Jf
o i - Preliminary
— 5000 5
2 ™ H
g | nl<l.
£ 400
§ “%194ppt 4
300} 4
200[ 1
0 +
] t 4
100L
i e T+
++"""'+++"'+m+ 1 I 1 it ings T
70 80 90 100 110

Invariant Mass, GeV/c®

CDF: 3568 candidates (194 pb)
c =251 +4.2(stat) + 7.3(sys) +

D@: 14352 candidates (148 pb!)
c =291.3 + 3.0(stat) = 6.9(sys)

/. t0o muons

2 muons with P> 2

0 GeV (CDF), 15 GeV (DQ)

Efficiencies computed on data

1 very small background ~ 1 % (QCD, Z—17, ..

efficiencies ~ 1%,

)

{ Main systematic uncertainties:

Drell Yan correction ~ 1.5%

PDF ~ 1.5 %
g
812!‘1)
“‘Nm“ﬂ!l)
15.2(lumi) pb £ °
600

+ 18.9 (lumi) pb

D2 Bun Il Preliminary

Z, —uu candle to measure p efficiencies on data
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- nl<2.
148 pb!
__ e Data

—Monte Carlo

— Background

I | R R T N T R YT
I"JIML [GeV]
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W to muon

v dooof T ‘ ' T
ST orren | Pr()> 20 GeV, E>20GeV
g Wy + :'i Preliminary M . b k d
o D2 £ 106 | ain background:
£ ssoo & 11; s pbrt - QCD: bb (evaluated on data) ~1%
2000 I:E 1 W%TV + Z%HH = 6%
- | . E 3500 :DO Run 2 Preliminary _i,T:ﬂ:
- Main systematic 3000 2 atau
> d - C - g
uncertainties: § 2500 — Bkg + Signal
C s+ Data
e PDF ~ 1.% * 20000 <2
80 100 120 140 160 . . 1500~ n .
Transverse Mass, GeV/d efﬁCIGDCIGS = 1.5% 1000 96 pb_]_
500;—
CDF: 57109 candidates (194 pb'l) 00--20""30 60 80 100 120 140 763, T80 290
c = 2786 + 12(stat) £ 60(sys) + 166 pb . .DORun2Preliminary —Zmumu
@ — W taunu
g 10° Z tautau
I — QCD bkg
E — Bkg + Signal
|.|>J « Data

D@: 62285 candidates (96 pb!) 10°
G = 2989 + 15(stat) £ 81(sys) = 194 pb 10
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T at DO

Z—7t with one T decaying into muon

. (d) D@
back to back with: - CES Datg
13 : 2, i groun
1. T “m like”: one track + calo cluster i o st

(no EM subclusters)
2. 1 “p like”: one track + calo cluster
+ EM subclusters

3.1 > tracks and a calo cluster
1) 0.2 0.4 0.6 08 1

Events / 0.05

T types 1dentified with NN NN output
EED D@ Main background:
o, . + -+ OS-bokg QCD ~49%, W—ouv +Z—-uu~6 %
: H £ Mo Main systematic uncertainties:
S 19 H ++|_+ trigger = 3.5 %
Ll + | | } QCD background = 3.5%
50 +
* W D@: 1104 candidates (226 pb'
$ N P

c =237 £ 15(stat) £ 18(sys) £ 15 (lumi) pb

0 10 20 30 40 50 GO

E; [GeV]
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LEP Results

W-Boson Width [GeV]

TEVATRON
LEP2

Average

pp indirect
LER1/SLD
LEP1/SLD/m,

2102£0.106
2.150+0.091
2133+ 0.069

¥=DoF: 0.1 /1

2.141 £0.057
2.091 £0.003
2.092 £ 0.002

I, [GeV]

24

ol
Ay,
A(P)

-
Tf

0.23099 £+ 0.00053
0.23159 £ 0.00041

== 0.23221 £ 0.00029

0.23220 £ 0.00081

3* 0.2324 £ 0.0012

0.23153 £ 0.00016
vdof 11875

EEE ,ﬁ(xﬂd: 002761 £ 0 00036
EEim=1780+423 GeV

. , .
0.232

0.234
. 2 lept

sin Beﬁ
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